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STATEMENT  OF  THE  PROBLEMS  STUDIED 

-Three  problems  were  examined  under  this  program.  Firstly,  a  novel 
electro-optic  display  concept  has  been  developed  in  our  laboratory  involving 
the  incorporation  of  fluorescent  (emissive)  guest  molecules  into  a  cholesteric 
liquid  crystal  host.  Improvements  were  made  in  the  contrast  ratios  of  such 
displays  via  electrochemical  quenching.  Secondly,  a  fundamental  study  was 
completed  on  the  nature  of  phase  transitions  in  thermotropic  liquid  crystals 
confined  in  porous  polymer  films.  Finally,  new  lyotropic  liquid  crystals  were 
investigated  to  (a)  try  to  develop  non-aqueous  lyotropic  media,  and  (b)  investi¬ 
gate  orientational  ordering  and  solubility  of  guest  molecules  in  lyotropic 
nematics  and  cholesterics^ 

SUMMARY  OF  IMPORTANT  RESULTS 
Fluorescent  Liquid  Crystal  Cells 

We  have  demonstrated  that  useful  emissive  liquid  crystal  displays 
can  be  constructed  by  incorporating  appropriate  rare  earth  chelates,  fluorescent 
hydrocarbons  and  organo-metallic  complexes  into  cholesteric  and  nematic  liquid 
crystals.  Most  of  these  systems  require  uv  backlighting  to  stimulate  the 
emission,  although  a  few  systems  seem  possible  with  so-called  "day-f luors" , 
which  both  absorb  and  emit  in  the  visible.  During  this  program,  several  day- 
fluors  were  investigated  but  no  completely  satisfactory  system  was  developed. 

We  were  able  to  show  that  contrast  ratios  of  such  fluorescent  cells  could  be 
enhanced  by  combining  a  dc  electrochemical  quenching  of  fluorescence  with  a 
scattering-nonscattering  ac  field  induced  transition. 

Liquid  Crystals  in  Polymer  Films 


When  a  positive  dielectric  anisotropy  liquid  crystal  is  allowed 


to  fill  the  0.2-12  ym  diameter  cylindrical  pores  of  the  polymer  thin  film 
Nuclepore,  the  liquid  crystal  is  forced,  via  wall  effects,  to  adopt  an  align¬ 
ment  in  which  the  center  of  the  pore  is  a  "singularity",  i.e.  the  director  or 
long  axis  is  everywhere  aligned  with  respect  to  the  walls,  except  at  the  core. 
The  behavior  of  these  singularities  in  electrical  fields  was  studied  and 
found  to  display,  in  some  cases,  a  critical  destruction  at  a  characteristic 
voltage.  Transition  temperature  scaling  with  pore  size  was  studied  and  models 
for  understanding  the  depression  in  these  transition  temperatures  as  a  function 
of  pore  size  were  developed. 

Lyotropic  Liquid  Crystals  —  Non-Aqueous 

Although  nematic  lyotropic  behavior  is  common  in  aqueous  systems, 
the  behavior  is  rare  in  non-aqueous  systems.  Development  of  the  latter  would 
allow  for  interesting  electro-optic  effects  with  totally  different  elastic 
constants  for  the  media  involved  and  therefore  the  possibility  of  totally 
different  time  frames  for  response  and  decay.  The  simplest  non-aqueous  nematic 
lyotropic  system  was  accidentally  observed  in  1973  by  Hoppe,  consisting  of  a 
few  wgt  %  of  a  fatty  substituted  urea  in  decane.  A  basic  study  was  completed 
to  understand  this  system.  Unfortunately  even  at  extremely  low  concentrations 
the  nematic  phase  in  this  system  is  a  gel  which  can  be  perturbed  mechanically 
but  not  electrically.  The  study  of  this  system  has  helped  us  to  have  a  better 
understanding  of  the  problem  to  guide  future  work  into  more  appropriate  systems. 
Optical  Spectroscopy  in  Aqueous  Nematic  Lyotropic  Liquid  Crystals 

Since  lyotropic  nematic  liquid  crystals  are  readily  oriented  by 
magnetic  fields,  optical  spectroscopy  in  such  matrices  allows  for  fundamental 
studies  of  polarization  of  water  soluble  molecules  as  well  as  the  use  of  these 


molecules  in  probing  the  structure  of  the  lyotropic  phase  itself.  During 
this  grant,  we  have  initiated  a  broad  study  of  such  effects  using  UV-V1S-NIR, 
fluorescence  and  FTIR  spectroscopy.  The  first  paper  (preprint)  dealing  with 
a  study  of  rod-like  and  disc-like  water  soluble  dyes  is  incorporated  in  this 
report.  This  work  is  to  be  continued  in  current  studies  in  our  laboratory. 
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Electrochemical  enhancement  of  contrast  ratio  in  fluorescent  liquid  crystal 
cells 
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Europium  chelates  in  cholesteric  or  nematic  phases  show  a  brilliant  red  (612  nm)  fluorescence 
which  can  be  quenched  electrochemically.  Either  cathodic  or  anodic  quenching  can  occur 
depending  on  total  electrolyte  concentration,  the  latter  process  involving  oxidation  of  the  ligand. 

By  combining  the  electrochemical  effect  with  a  field  induced  cholesteric-nematic  transition, 
enhanced  contrast  ratios  can  be  achieved  for  electro-optic  display 

PACS  numbers:  61.30.Gd,  78.20,Jq,  64.70.Ew 


INTRODUCTION 

Cholesteric  and  nematic  liquid  crystal  electro-optic 
cells  can  be  prepared  incorporating  fluorescent  guest  mole¬ 
cules.  If  fluorescent  guests  such  as  a  europium  chelate  are 
employed,  UV  back  lighting  is  required  to  cause  the  cells  to 
be  emissive.  "Day-Fluors”  can  also  be  incorporated  which 
both  absorb  and  emit  in  the  visible.7  In  all  of  these  effects, 
contrast  between  "on”  and  "off”  states  depends  on  either  a 
scattering  nonscattering  transition,  the  more  emissive  state 
being  the  scattering  state  of  the  liquid  crystal,  or  orientation 
of  a  polarized  guest  molecule. 

Another  way  of  obtaining  contrast  in  the  fluorescence 
emission  of  a  rare  earth  chelate  is  to  quench  the  emission  via 
an  electrochemical  process.  For  example,  Hamblen  and 
Clarke"  have  succeeded  in  preparing  display  panels  contain¬ 
ing  a  europium  chelate  in  an  isotropic  liquid.  In  the  panels, 
the  europium  chelate  is  dissolved  in  a  moderately  polar  sol¬ 
vent  such  as  N,N-dimethylformamide,  a  small  amount  of  an 
organic  salt  is  added  to  enhance  the  conductivity,  and  a  dc 
potential  is  applied.  A  cathodic  reduction  of  Eu  + 1  to  Eu  +  2 
occurs,  fluorescence  is  quenched,  and  fluorescence  returns 
upon  reversal  (oxidation  of  Eu +  2  to  Eu +  3). 

In  this  work,  electrochemical  fluorescence  quenching 
of  Euflll)  chelates  in  liquid  crystals  is  explored  in  nematic 
and  cholesteric  phases.  By  combining  electrochemical 
quenching  with  ti  e  previously  described  scattering-non¬ 
scattering  (cholesteric-nematic)  transition,  improvements  in 
contrast  ratios  for  electro-optic  display  are  achieved. 

EXPERIMENTAL 

As  host  materials,  ROTN-lOO  (Hoffmann-La  Roche),  a 
mixture  of  benzoyloxybenzoate  esters,  E„  (E.  Merck),  a  mix¬ 
ture  of  substituted  biphenyls  and  terphenyls  or  PCH-1083 
(E.  Merck),  a  mixture  of  phenylcyclohexanes,  were  em¬ 
ployed.  Cholesteric  phases  were  prepared  by  doping  ROTN- 
lOO  with  cholesteryl  nonanoate  (CN).  Tris-[4,4,4-trifluoro- 
l-l2-thienyl)-l,3-butanediono]  europium  III  (EuTTA)  was 
taken  as  the  fluorescent  guest  molecule  for  all  measure¬ 
ments.  It  shows  a  brilliant  red  fluorescence  peaking  at  about 
612  nm,  with  an  effective  excitation  band  of  320-380  nm. 
The  measurements  were  done  exciting  at  360  nm.  Some  otl 
er  europium  compounds  were  used  to  investigate  the  nattr 
of  the  anodic  reaction  that  takes  place  in  the  pt  :nce  of  r. 


1.  europium(IlI)tris-l,  1,1, 2,2,3, 3-heptafluoro-7,7-dimethyl- 
4,6-octanedione;  2.  europium(III)tris-2,2,6,6-tetramethyl- 
3.5-heptanedione;  3.  tris-[3-(lrifluoromethylhydroxymethy- 
lene)-d-camphorato)europium(III).  Compounds  1  and  3 
hardly  show  any  fluorescence  and  compound  2  leads  to 
quenching  at  the  anode  in  a  manner  similar  to  that  described 
below  for  EuTTA.  Tetrapentylammonium  iodide  (TPAIi 
was  used  as  a  salt  to  improve  the  conductivity  of  the  liquid 
crystal.  Several  other  salts  were  used  to  investigate  the  na¬ 
ture  of  the  anodic  reaction:  1.  tetrabutylammonium  bro¬ 
mide;  2.  tetramethylammonium  fluoborate;  3.  tetramethyl- 
ammonium  bromide;  4.  letraethylammonium  perchlorate; 
5.  tetramethylammonium  perchlorate;  6.  tetrabutylammon¬ 
ium  nitrate;  7.  tetrahexylammonium  perchlorate;  8.  tetrabu¬ 
tylammonium  perchlorate;  9.  tetrabutylammonium  hexa- 
fluorophosphate.  Salts  1  and  2  do  not  dissolve  in  liquid 
crystals  sufficiently,  whereas  salts  3  to  9  lead  to  quenching  at 
the  anode  in  a  manner  similar  to  that  described  below  for 
TPAI. 

The  liquid  crystalline  material  was  sandwiched 
between  two  untreated  tin  oxide  coated  glass  plates,  by  the 
use  of  spacers,  and  the  cell  was  mounted  on  an  optical  bench 
for  transmission  measurements.  The  thickness  of  the  spacers 
was  23.4  ftm.  The  UV  light  source  for  fluorescence  measure¬ 
ments  consisted  of  a  ISO  W  xenon  lamp  (Bausch  &  Lombl 
coupled  to  a  grating  monochromator  (Bausch  &  Lomb  high 
intensity  grating  monochromator).  The  intensity  of  the  flu¬ 
orescence  was  measured  at  room  temperature  with  aSchoef- 
fel  GM-200  double  monochromator  and  an  RCA  4840  pho- 


TABLE  I.  Contrast  ratios  for  mixtures  of  E,.  EuTTA.  and  TPAI 


tu  TT  A 
Iwl  %) 

TPAI 

Iwl.  e/f ) 

Contrast  ratio 

Voltage 

dc 

Polarity 

12 

0 
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10 
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< 
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3.5 

4 

(2 

0.8 
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TABLE  II.  Contrast  ratios  for  mixtures  of  ROTN-IOO,  EuTTA.  and  TPAI 


EuTTA 

Iwt.  %\ 

TPAI 

iwt.  %l 

Contrast  ratio 
3.5  Vde 

Polarity 

0.5 

0.6 

4 

4 

1.0 

0.6 

14 

4 

1.5 

0.6 

35 

4 

2.25 

0.6 

25 

4 

2.75 

0.6 

12 

+ 

tomultiplier  tube  which  was  connected  to  a  Photovolt 
photometer. 

RESULTS  AND  DISCUSSION 

Tables  1  and  II  summarize  data  on  the  measured  con¬ 
trast  ratios  for  the  612  nm  emission  of  dc  operated  cells. 
When  no  supporting  electrolyte  is  added  to  the  liquid  crys¬ 
tals,  the  conductivity  is  quite  low  and  5-10  V  must  be  applied 
in  order  to  observe  quenching.  Quenching  occurs  at  the  cath¬ 
ode  in  ~  3  sec  and  is  consistent  with  the  reductive  process 
Eu+3  +  e— *Eu+2  discussed  by  Hamblen  and  Clarke."  If  the 
field  is  switched  off,  the  cell  recovers  most  of  its  fluorescence, 
but  very  slowly  (minutes).  If  the  field  is  reversed,  however, 
the  fluorescence  recovery  is  more  rapid  ( ~  3  sec). 

Cells  may  be  operated  at  lower  dc  voltages  if  supporting 
electrolyte  is  added.  Data  are  presented  for  the  salt  TPAI. 
although  many  other  salts  (see  Experimental)  may  be  uti¬ 
lized  with  essentially  similar  results.  As  the  conductivity  is 
increased,  much  better  contrast  ratios  are  obtained  at  3.5  V 
dc.  However,  the  quenching  now  occurs  at  the  anode  exclu¬ 
sively.  This  anodic  process  is  also  reversible.  In  the  presence 
of  salt,  switching  occurs  in  500  msec-2  sec.  The  maximum 
amount  of  TPAI  that  could  be  dissolved  in  E„  was  0.8%. 
Decreasing  the  percentage  of  the  salt  decreased  the  contrast 
ratio.  The  polarity  of  the  electrode  at  which  quenching  is 
observed  changes  back  to  the  cathode  process  when  the  per¬ 
centage  of  salt  was  reduced  below  0.05%.  The  reversal  of 
polarity  with  the  addition  of  salt  was  also  observed  in  the 
other  liquid  crystals  studied,  PCH-1083  and  ROTN-100 
(Table  II).  Various  concentrations  of  EuTTA  were  studied 


TABLE  III.  Contrast  ratios  of  cells  containing  3%  EuTTA  in  ROTN-IOO. 
to  which  TPAI  and  CN  are  added,  operated  in  three  modes  dc  soilage 
applied  was  3.5  V  for  all  quenching  effects 


Contrast  Ratios 


TPAI 

|wt.  %) 

CN 

(wt.  %) 
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Quenching 

Ch-.N 

transition 

Quenching  4 

Ch  -*N  transition 

0  1 
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4  5 
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2.7 
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22 
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2  .3 
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20 
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20 

2  3 

40 
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using  0.6%  of  TPAI.  The  quenching  took  place  at  the  anode 
in  all  cases,  and  the  contrast  ratio  was  a  maximum  |35|  at 
1.5%  EuTTA.  ROTN-IOO  based  samples  showed  an  overall 
decrease  in  fluorescence  when  the  voltage  was  increased 
above  4  V,  whereas  E„  based  samples  were  stable  to  about  6 
V. 

The  anouic  oxidative  process  most  likely  involves  an 
electrochemical  attack  on  the  organic  ligands.  Several  at¬ 
tempts  were  made  to  control  this  electrochemical  event  or  to 
inhibit  it.  All  of  (he  variations  in  salt  or  ligand  were  of  little 
or  no  consequence  to  the  anodic  attack  Careful  purging  of 
samples  of  moisture  and  oxygen  caused  only  minor  supprt-s 
sion.  However,  when  a  specific  inhibitor  for  sulfur  oxidation 
was  added,  the  anodic  reaction  was  indeed  suppressed,  and 
the  cathodic  process  was  observed.  The  inhibitor  employed 
wasdithiothreitol  |Sigma  Chemical  Co.)  which  is  reported  to 
stabilize  sulfur  compounds/’  Thus  it  seems  likely  that  the 
sulfur  containing  ligand  in  EuTTA  is  being  Ireversibly  i  oxi¬ 
dized  to  the  sulfoxide. 

Since  fluorescent  electro-optic  display  with  good  con¬ 
trast  can  be  achieved  via  inducing  a  scattering-nonscatter¬ 
ing  (cholesteric-nematic)  transition,2  V7  an  attempt  was 
made  to  combine  the  dc  electrochemical  effect  (quenching  i 
with  such  an  ac  induced  transition.  The  scattering  effect 
leads  to  an  extremely  bright  display  as  compared  to  that  in 
an  aligned  liquid  crystal  state.  Chirality  in  the  nematic  mix¬ 
ture  containing  EuTTA  and  the  salt  TPAI  was  obtained  by 
adding  cholesteryl  nonanoate  to  it  in  various  proportions. 
Low  percentages  of  salt  (0.1%,  0.05%)  were  taken  to  keep 
the  conductivity  low.  This  avoids  excess  heating  upon  appli¬ 
cation  of  the  higher  ac  voltage  required  for  conversion  from 
the  cholesteric  to  nematic  state.  The  contrast  is  obtained  by 
switching  from  a  state  of  enhanced  fluorescence  (obtained  by 
application  of  a  reverse  bias  dc  voltage  on  the  scattered  cho¬ 
lesteric  state)  to  the  quenched  nematic  state  (obtained  by 
simultaneous  application  of  dc  and  ac).  Table  III  indicates 
that  the  simultaneous  application  of  a  dc  voltage  (for  the 
quenching  effect)  and  an  ac  voltage  (for  inducing  a  choles¬ 
teric-nematic  transition)  gives  a  contrast  better  than  either  of 
the  two  effects  alone. 

This  work  was  supported  by  the  U  S.  Army  Research 
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A  nematic  gel  of  a  fatty  substituted  urea  0-4  Wt/i  I  m  decane  is  studied  optically  and 
thermodynamically  Typical  nematic  sc  h  lie  re  n  textures  are  observed.  Shear  and  compression 
forces  distort  these  textures,  but  applied  electric  and  magnetic  fields  are  ineffective  until  one 
reaches  the  gel  isotropic  transition  temperature 


INTRODUCTION 

Nematic  lyotropic  phases  are  frequently  encountered  in  aqueous  systems, 
but  are  extremely  rare  in  other  solvents.  There  have  been,  however,  several 
recent  observations  of  non-aqueous  lamellar  lyotropic  phases.'  Excluding 
polymeric  systems,'’  the  only  nematic  gel  of  which  we  are  aware  was 
reported. by  Hoppe,  who  observed  anisotropic  optical  properties  of  gels  of 
sunscreening  substances  in  hydrocarbon  solvents.14  Although  most  of  the 
preparations  were  lamellar  phases,  a  “micellstructur"  was  reported  for  a 
solution  of  2*7r  of  compound  I  (below)  in  heptane.  In  this  paper,  optical 
microscopy  and  differential  scanning  calorimetry  (DSC)  arc  applied  to  a 
study  of  /  in  decane. 


I 

4- [ l (1 -naphthaleny lamlno) carbony 1 ) amino ] -benzoic  acid , 
2-octyldodecyleater  Jlndex  Registry  #34913-82-1 ] 
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We  use  the  term  nematie  jzcl  here  to  denote  (a)  the  occurrence  ol  typical 
nematic  sehlieren  textures  in  thin  capillaries  (  0.3  mm);  (b)  a  system 
which  undergoes  elastic  distortions  in  response  to  shear  anil  compressive 
forces,  or  electric  and  magnetic  fields. 

EXPERIMENTAL 

A  small  sample  of  /  was  kind!'  supplied  to  us  by  Hoppe.1  '3-5  mg  were 
weighed  into  polypropylene  tuKs  and  the  appropriate  amount  of  decane 
was  then  added.  After  sealing,  the  sample  was  heated  and  stirred  until  the 
solid  matter  dissolved.  Samples  for  optical  studies  were  made  using 
0.3  mm  rectangular  glass  capillaries  from  Vitro-Dynamies.  Inc..  New 
Jersey,  by  heating  the  bulk  sample  to  the  isotropic  phase  and  allowing 
capillary  action  to  draw  in  the  material.  The  sample  was  then  sealed  with 
a  micro-torch.  Reasonable  consistency  in  transition  temperatures  was  ob¬ 
tained.  Some  samples  were  made  with  a  slide  and  coverslip.  Only  results 
on  fresh  samples  made  in  this  way  are  reported. 

Optical  observations  were  made  between  crossed  polars  on  a  Nikon 
microscope,  whereas  the  thermodynamic  data  were  obtained  on  a  I’erkin- 
Eltner  DSC-2C  differential  scanning  calorimeter  (DSC)  at  relatively  rapid 
( l()-20°/min)  heating  rates  in  order  to  visualize  the  small  enthalpies. 

RESULTS  AND  DISCUSSION 

Table  I  summarizes  data  on  optically  and  thermodynamically  observed 
transitions.  Nematic  to  isotropic  transition  temperatures  ( /  V| >  were  difficult 
to  obtain  optically  because  of  the  small  birefringence  and  represent  the 
visual  observation  of  An  — »  0.  The  DSC  measurements  along  with  macro¬ 
scopic  observation  of  samples  in  a  stirred  water  bath  confirm  the  existence 
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Sample  compositions,  transition  temperatures,  and  enthalpies 

s  ol  1  in  decane 

Wt  <7, 

1 

Molar  ratio 
decane 

i 

Tm 

Optical 
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T.  .i 
DSC 
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AH 

Kcal  mole 

3.0 

135.1 

71 

SI 

17 

3.5 

1  14  V 

71 

SO 

10 

4.0 

100  0 

73 

7S 

OK 

5  0 

70.4 

74 

76 

24 
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of  a  gel-fluid  transition  which  docs  not  appear  to  coincide  with  I\, 
observed  optically. 

Figure  1  demonstrates  the  typical  nematic  schlieren  textures  obtained. 
These  textures  typically  developed  when  the  sample  was  quenched  from 
the  isotropic  phase  to  room  temperature  rapidly. 1  When  stored  at  room 
temperature,  the  texture  did  not  relax  over  a  three-week  period  of  ob¬ 
servation.  The  brushes  around  the  singularities  did  not  move  in  response 
to  ±10°  temperature  changes  within  the  nematic  gel  phase.  Hven  close 
(7\/  —  7"  =  2°)  to  the  transition,  mobility  of  the  brushes  was  very  small  in 
comparison  with  ordinary  thermotropic  nematics.  As  /'  — <■  7'v,  the  already 
small  birefringence  (An  -  1(1  4)  decreases  uniformly  over  the  sample. 
Figure  2  shows  a  nematic-isotropic  transition  under  strong  illumination. 

Figure  3  shows  the  result  of  a  shear  applied  to  a  sample  with  a  covcrslip. 
The  textures  in  Figure  4  arise  from  shear  induced  orientation  as  the  iso¬ 
tropic  liquid  of  low  viscosity  is  drawn  into  a  cold  capillary.  Noticeable  in 
both  Figures  3  and  4  are  faint  striations  running  perpendicular  to  the  direc¬ 
tion  of  shear,  and  are  possibly  hydrodynamic-ally  induced  defects.  In  gen¬ 
eral,  the  director  field  appears  "locked  "  to  the  amorphous  gel  lattice.  At 
room  temperature,  the  director  does  not  reorient  in  a  magnetic  field  o) 
23  k  Gauss  applied  in  any  ol  three  orthogonal  directions  over  a  period 
of  three  days.  In  a  large  applied  electric  field  of  10  V/cm  on  a  23  /am 
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thick  cell  no  observable  instability  occurred  until  /  I.  .  when  electro- 
hydrodynamically  induced  turbulence  occurred  By  periodically  varying  an 
applied  pressure  of  0.5  Kg  cm  '  on  the  coverslip  or  the  \oltage  in  the 
electrooptieal  cell  (condenser  forces  causing  the  compression i.  the  elastic 
response  of  the  system  was  qualitatively  verified  to  quite  low  frequencies 
(~-l  -  .!  see  ')  by  observing  the  relative  distances  between  dust  particles 
and  bubbles. 

DSC  measurements  rarely  show  a  peak  on  cooling.  On  slowly  cooling 
samples  from  T  >  T,.,  to  room  temperature,  the  samples  remained  opti¬ 
cally  isotropic  but  the  gel  properties  were  retained  After  24  hours  at  room 
temperature  they  were  still  optically  isotropic.  The  samples  were  then 
placed  in  an  oven  at  55°  and  within  three  days  the  samples  became  uni¬ 
formly  birefringent.  Textures  obtained  in  this  way  showed  little  structure 
except  for  an  occasional  +  '/:  singularity  with  broad  brushes  along  the 
capillary  edge.  Supercooling  into  an  isotropic  gel  is  the  most  likely  expla¬ 
nation  of  these  effects. 

It  seems  most  likely  that  the  nematic  gel  is  composed  of  extended  inverse 
micelles  held  together  by  dispersion  and  dipolar  forces.  If  this  is  true,  the 
existence  of  textures  with  splav  deformations  implies  cither  the  micelles  are 
finite  in  extent,  or  break  apart  and  reform  easily  in  response  to  thermal 
fluctuations  and  diffusive  processes  Why  such  a  small  amount  ot  a  tela 
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lively  low  molecular  weight  aniphiphile  is  able  to  establish  an  extended 
micellar  phase  with  a  high  viscosity  is  the  interesting  materials  question 
which  remains  unanswered. 
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Positive  dielectric  anisotropy  liquid  crystals  arc  studied  in  cylindrical  pores  in  a  10  pm  thick 
polymer  membrane  of  diameters  0.2-12  pm.  Transition  temperature  depressions  increase 
with  decreasing  pore  size.  Singularities  of  strength  I  arc  observed  in  the  center  of  the  pores, 
accompanied  by  some  strength  /i  singularities.  By  applying  a  voltage  across  the  membrane, 
the  S  =  I  singularities  are  shown  to  be  “escaped"  singularities  S  -  4  '/;  singularities  show 
a  critical  destruction  at  a  characteristic  voltage 


INTRODUCTION 

Porous  media1  and  thin  films"'  have  provided  convenient  systems  to  mea¬ 
sure  the  effect  of  surface  interactions  on  the  physical  properties  of  liquid 
crystals.  For  example,  for  sufficiently  small  pore  radius  the  isotropic- 
nematic  transition  temperature,  TNI.  decreases  while  the  width  of  the 
transition  region  increases . 1  In  general ,  a  rounding  or  weakening  of  thermo¬ 
dynamic  singularities  may  occur  in  finite  systems.'1  In  thin  films.  rv/  is 
predicted  to  increase  with  decreasing  film  thickness,'  ~.1°C  for  10'  A. 
However,  experimental  investigations  show  either  little  effect2  or  a 
decrease'  in  Tm  for  thin  films. 

A  particularly  appropriate  porous  membrane  for  investigation  of  these 
effects  is  the  polycarbonate  film  “Nuclepore"  which  has  been  “drilled"  by 
nuclear  bombardment  to  create  a  series  of  cylindrical  pores  of  quite  uniform 
size  (Figure  1).  These  pores  are  almost  perfect  cylinders  with  diameters 
ranging  from  0.1  /am  to  12  /am.  Via  optical  microscopy,  it  is  possible  to 
observe  these  pores  filled  with  liquid  crystals  in  the  size  range  0.2  /am  to 
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FIGURE  1  Photomicrovcopic  view  perpendicular  to  micniporous  im  tiihriine  I'lipolari/ed 
light,  magnification  =  375  X. 


FIGURE  2  Side  view  of  cylindrically  symmetric  director  fields  in  capillary,  la)  S  -  +  I 
singularity;  the  director  field  is  in  a  radial  direction  everywhere  except  in  a  core  region 
surrounding  the  center  where  the  director  field  is  not  defined,  (b)  "escaped"  S  -■  +  I  singu¬ 
larity  with  no  core. 

12  /xm,  and  in  this  paper  data  are  presented  on  transition  temperature 
depressions,  the  behavior  of  singularities  of  strength  l  and  Vi  within  the 
pores,  and  the  effect  of  electric  field  on  the  strength  I  singularities.  Studies 
of  the  stability  of  5  =  +1  singular  lines6  in  cylindrical  capillaries  have 
indicated  that  deviations  of  the  director  field  from  a  planar  solution  always 
occur  for  sufficiently  large  radius.  In  this  case,  the  director  field  corre¬ 
sponds  to  that  shown  in  Figure  2,  and  upon  application  of  an  electric  field 
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parallel  to  the  axis  of  the  capillary,  one  might  expect  a  continuously  tunable 
birefringence  for  a  positive  dielectric  anisotropy  material. 


EXPERIMENTAL 

The  liquid  crystals  employed  are  p-cyano-p'-w-nonylbiphenyl  <K27,  7\, 
50.3°C)  and  p-cyano-p'-n-pentylbiphenyl  ( K 1 5.  I\,  35  3  0  obtained  from 
EM  Chemicals,  both  having  a  positive  dielectric  anisotropy  The  Nuclepore 
membranes  are  10  fxm  thick  and  the  pores  are  essentially  perpendicular  to 
the  film.  Pore  density  increases  with  decreasing  pore  si/e.  e  g  I  gim. 
density  s  5  x  10"  cm  0.2  gm.  density  -=•  5  x  It)  cm 

A  sample  is  prepared  by  allowing  a  small  amount  of  isotropic  liquid 
crystal  to  wet  the  membrane  They  are  quickly  adsorbed  indicating  a  good 
mutual  attraction  between  the  liquid  crystal  and  the  membrane  The  mem¬ 
brane  is  then  pressed  between  a  clean  glass  slide  and  coverslip  and  placed 
in  a  Mettlcr  hot  stage.  The  sample  is  allowed  to  sit  in  the  isotropic  phase 
for  approximately  '/:  hour.  Uncovered  samples  left  overnight  exposed  to  air 
showed  no  measurable  shift  in  transition  temperature,  either  in  bulk  or 
confined  to  the  membrane  pores.  The  Nuclepore  membrane  was  used  as 
obtained.  No  observable  change  occurred  in  transition  temperatures  ol 
liquid  crystals  when  either  new  membrane  material  or  membrane  material 
exposed  to  the  atmosphere  (7  =  22'C)  for  24-4X  hours  are  used 

Figure  3  gives  the  transition  temperature  depression  determined  on  both 
cooling  and  heating  the  samples  as  follows  In  the  isotropic  pliave.  with  the 
sample  between  crossed  polars.  the  membrane  could  be  oriented  so  that  an 


FIGI/RR  3  Nematic-isotropic  transition  lempcramtT  itrgfrssion  lAT  -  T T ...  i  " 
pore  diameter. 

A  A- 27.  /•„  -  50, .Vf  (bulk) 
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across  the  microscope  field.  Portions  of  the  sample  were  chosen  for  obser¬ 
vation  in  which  these  effects  were  minimized. 


RESULTS  AND  DISCUSSION 

In  the  12  jim  diameter  pores  we  first  observed,  upon  decreasing  T.  an 
increase  in  A/t  on  the  perimeter  of  a  pore  where  nucleation  of  a  nematic 
phase  by  the  pore  surface  began.7  As  T  is  lowered  to  just  below  Tm,  a 
texture  corresponding  to  Figure  4  resulted.  Figure  2  is  a  rationalization  of 
the  occurrence  of  "escaped"  S  =  I  singular  lines"  for  the  director  field  in 
the  pores. 


«  • 
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FIGURE  4  Membrane  with  12  jxm  pores  filled  with  K  27  T  -  V)  TV.  magnification 
»  V75  X .  crossed  polar,  Note  singularities  in  pores  at  extreme  right  ol  picture 
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Some  time  ago  Meyer1'  and  Cladis  and  Kleman6  had  demonstrated  that  a 
lower  free  energy  is  attained  by  a  three  dimensional  cylindrical  system  if 
a  coreiess  solution  to  the  elastic  equations  is  selected.  Such  a  solution 
applies  strictly  to  an  infinite  cylinder;  however,  the  coreless  solution  will 
still  appear  in  two  dimensions  as  long  as  the  director  is  not  constrained  to 
a  plane.10  Surface  tension  effects  at  the  ends  of  a  short  cylinder  should  be 
taken  into  account  for  a  proper  determination  of  the  director  field. 

That  the  observed  S  =  1  singularities  are  "escaped"  singularities  can  be 
demonstrated  by  a  method  suggested  by  Meyer.1'  Electro-optic  cells  were 
prepared  of  36  fim  thickness  and  a  10  Kc  voltage  was  applied  across  the 
cell.  Upon  application  of  30  V  parallel  to  a  pore  axis,  the  birefringence  is 
observed  to  slightly  decrease  in  the  center  of  a  pore  (Figure  5).  With 
continuously  increasing  electric  field  (up  to  100  V)  the  decrease  in  bi¬ 
refringence  continuously  spreads  to  the  perimeter  of  the  pore. 

We  also  observe  S  =  +/:  .singularities  in  the  pores  under  increasing 
electric  field.  Above  a  critical  voltage,  the  director  field  discontinuously 
"snaps"  to  a  lower  energy  configuration  to  accommodate  the  electric  field. 
Upon  lowering  the  electric  field  below  a  critical  value,  the  director  field  in 
many  pores  relaxed  back  to  the  original  configuration  (S  =  ±'/:). 

The  proximity  of  the  smectic  A  phase  in  K27  (T^SA  =  48.8°,  bulk 
value)  rendered  the  escaped  structure  unstable  with  decreasing  temperature, 
due  to  anomalous  increase  in  the  bend  and  twist  elastic  constants  Ku  and 
K22.  In  a  few  pores,  true  S  =  1  singularities  were  observed  in  the  smectic  A 


FIGURE  5  12  |im  porous  membrane  in  Figure  4  under  the  influence  of  in  applied  voltage 

(30  volts  at  10  kilocycles).  The  electric  field  is  perpendicular  to  the  membrane  Membrane 
thickness  =>  10  fim. 
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phase.  In  the  A  phase,  the  fan  texture  aligned  with  the  stretching  direction 
of  the  membrane  (Figure  6). 

The  temperature  depression  (Figure  3)  is  likely  due  to  finite  si/e  effects 
(barring  impurity  effects).  Two  of  the  possible  mechanisms  involved  are: 
( 1 )  The  assumed  well  aligned  nematic  material  on  the  surface  of  the  cylin¬ 
der  acts  as  an  imposed  deformation.  The  nematic  material  in  the  interior 
of  the  cylinder  must  arrange  to  minimi/e  the  elastic  energy  in  accordance 
with  this  distortion.  (2)  Surface  tension  effects  may  cause  temperature 
depression. 

We  may  simplify  mechanism  ( I)  by  considering  only  fluctuations  in  .S', 
the  nematic  order  parameter,  to  arrive  at  a  formula  for  AT,  the  temperature 
depression.  The  free  energy  density  for  T  >  T„  is"’ 

*  =  a2S'  +  a  S'  +  diS4  +  ^  (V.V)3  +  •  ■  ■  •  <  I ) 

where  a:  =  a*,(T  -  T*),T*  is  the  lower  temperature  boundary  of  the  N  -/ 
two  phase  region  (supercooling  temperature).  a a,,  and  k„  are  con¬ 
stants.  The  nematic-isotropic  transition  temperature  is  defined  as  Tv,  = 
T*  +  «,/4a30a4.  For  T  >  TN,  keeping  only  quadratic  terms  in  g.  we  find 
the  correlation  function  for  fluctuations  in  S  of  wave  number  </  is" 

G(</)  ~  ^ti,  +  yV’j 


HOUR!  h  Stiics lie  A  phase  ol  surface  film  Ron*  thainclct  I'  pin.  / 
magnification  375  X  Note  alignment  ol  the*  Ian  texture 
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LIQUID  C  RYSTALS  IN  (  YI  INDRK  At  I'ORI  .S  IIN 

In  an  infinite  system  we  let  q  — »  0  and  identify"  the  susecptihility 
\  —  G(0).  ^  has  a  singularity  at  T  -  T*.  In  a  finite  system,  however. 
q  — »  q„  —  2-n/R,  where  R  is  now  the  pore  radius.  Thus  we  can  write 


<7  ~  1„) 


where  TH  -  T*  -  A  7"  and 


■  -  4r-r-(|)'' 

2 \  R  I  \R> 


where  £,  = 

Assuming  k  =  k.A'  where  k  is  a  Frank  elastic  eonstant.  we  estimate 
a  value  for  k„  using  k(T  7V/)  ~  .5  x  10  *  dyne  and  S  ~  .3  as  appro¬ 
priate  values  for  cyanobiphcnyls;1’  thus.  k„  '  5.5  x  It)  ''dyne.  Also 
=  9.0  x  10’  erg/cm'K."  so  that  £,  ~  10  A.  Substituting  R  ~  10'  A. 
T*  -  310  K.  we  obtain  A7  =  1.2  K .  Thus  the  temperature  seale  is  shifted 
downwards  by  =»  .4%. 

The  crude  method  used  to  derive  Eq.  2  ignores  interaction  of  fluctuations 
and  overestimates  the  effect  of  boundary  conditions  treating  the  imposed 
deformation  as  a  body  force,  not  a  surface  force  Eq.  2  represents  the 
temperature  shift  in  a  free  energy  per  unit  volume  for  an  infinite  system 
with  an  imposed  deformation  of  wavelength  R  This  estimate  is  therefore 
to  be  used  with  caution. 

For  the  second  mechanism  involving  surface  tension  effects  the  formula14 


RiHn 

may  be  useful.  Here  Arr  is  the  difference  in  surface  tension  between  the 
nematic  and  isotropic  phases,  A77  is  the  N-l  transition  enthalpy,  and  n  is 
the  number  density  of  liquid  crystal.  We  take  A  it  ~  026  dyne/cm. 
A/7  -  .3  kcal/mole.'*  R  =  10  'em,  T  =  310  K.  and  n  ~  5  x  I0’; 
cm  '  and  arrive  at 


AT  =  8  x  10 


.01  K . 


We  conclude  distortion  effects  are  dominant  in  lowering  7'v/  for  nematic 
materials  in  cylindrical  pores  with  strong  surface  alignment.  However,  the 
data  are  insufficient  to  confirm  this  mechanism. 

Porous  membranes  allow  easy  investigation  of  singularities  in  cylinders 
and  also  of  the  effect  of  finite  size  on  transition  temperature.  An  interesting 
possibility  also  exists  that,  with  increased  surface  density  of  pores,  a  matrix 
for  a  nematic  phase  may  be  obtained  for  which  the  relaxation  time  of 
molecular  reorientation,  i>  35  (y/K){R/n):  (y  =  effective  viscosity. 
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k  -  elastic  constant,  R  -  radius  of  pore),  can  He  varied  at  constant  elec¬ 
tric  field  without  changing  the  thickness  of  the  cell  This  may  he  interesting 
with  respect  to  display  applications. 
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Optical  Spectroscopy  of  Ordered  Dyes  in  Aqueous  Lyotropic  Nematic  Liquid 

Crystals 

M.  R.  Kuzina,  V.  Skarda  and  M.  M.  Labes 
Department  of  Chemistry,  Temple  University,  Philadelphia,  Pennsylvania  19122 

Abstract 

Aqueous  lyotropic  nematic  liquid  crystals  can  be  uniformly  ordered 
by  magnetic  fields  of  'v  20  Kilogauss  in  flat  glass  capillaries  up  to  n,  1  mm 

in  path  length.  Once  removed  from  the  field  the  orientation  decays  very 
slowly,  and  optical  spectra  of  the  oriented  samples  can  easily  be  recorded 
in  conventional  instruments.  In  this  manner,  the  visible  spectra  of  a  sub¬ 
stituted  porphine  (TPPS^)  and  the  dye  Congo  Red  were  recorded  in  three  nematic 
lyotropics  which  consist  of  rod-shaped  micelles.  The  polarization  of  the 

<5.  . 

absorption  bands  can  easily  be  assigned.  TPPS^  orients  with  its  plane  per¬ 
pendicular  to  the  optic  axis  of  the  lyotropic  rods  with  a  low  order  parameter, 
and  the  long  axis  of  Congo  Red  also  orients  perpendicular  to  the  optic  axis 
with  a  considerably  higher  order  parameter.  In  the  nematic  system  (potassium 
laurate/decanol/D20)  addition  of  TPPS^  at  a  sufficiently  high  concentration 


stabilizes  a  biaxial  nematic  phase. 


Introduction 


Lyotropic  nematic  liquid  crystals  are  readily  oriented  by  a  mag¬ 
netic  field  and  have  frequently  been  utilized  as  solvent  systems  to  study 
solute  molecules  by  NMR  spectroscopy.^  However,  relatively  little  advantage 
has  been  taken  of  this  orientational  capability  for  optical  spectroscopic 
studies.  Once  a  lyotropic  nematic  is  oriented  in  a  magnetic  field  between 
glass  plates  separated  by  up  to  1  mm,  the  sample  remains  aligned  for  many 
hours  when  removed  from  the  field.  Thus  samples  may  be  prepared,  aligned  in 
an  electromagnet,  and  placed  in  a  conventional  optical  spectrometer  for 

recording  polarized  spectra.  Examples  of  such  a  technique  have  appeared  in 

2 

studies  of  fluorescence  depolarization  and  uv-visible  spectra  of  hydrophobic 
3 

solutes. 

In  this  paper  we  report  observations  on  the  polarized  absorption 
spectra  of  the  water  soluble  dye  molecules  tetrasodium-meso-tfetra- 
(4-sulfonatophenyl)porphine  (TPPS^)  and  Congo  Red  (CR)  dissolved  in  several 
lyotropic  nematic  systems. 

The  nematic  systems  used  as  solvents  are  (see  Table  I) :  (A)  di- 

4  5 

sodium  cromoglycate  ’  (DSCG)  and  H^O  with  negative  diamagnetic  anisotropy 

(X  <  0);  (B)  potassium  laurate  (KL)^’^  decanol  and  D^O  (x  >  0);  (C)  KL,  KC1 
8 

and  ^0  (xa>  0).  Homogeneous  planar  alignment  of  the  above  phases  by  magnet 
fields  'v  10  kG  and  surface  interaction  persists  for  a  considerable  time 
(weeks)  provided  exposure  to  temperature  and  velocity  gradients  are  kept  to 
a  minimum. 

At  room  temperature, all  three  nematic  systems  are  classified  as 
phases  having  rod-like  or  cylindrical  micelles.  In  the  case  of  system  A, 


Lydon  suggested  on  the  basis  of  x-ray  evidence  and  a  high  degree  of  hydra¬ 
tion  that  DSCG  molecules  form  hollow  finite  cylinder  micelles  which  are  partially 
aligned.  For  systems  B  and  C,  the  hydrophobic  chains  of  the  KL  form  the  inside 
of  the  cylinder  micelle  with  the  polar  head  pointing  outwards.  The  perpendic¬ 
ular  cross  section  of  the  column  may  be  circular  or  elliptical. ^ 

Finally  we  report  preliminary  observations  of  an  interesting  dye 

induced  stabilization  of  a  biaxial  nematic  (N  )  phase  in  system  B. 

Bx 

Experimental 

The  DSCG  was  provided  by  Fisons  Ltd.  and  the  KL  was  synthesized  as 
per  Ref.  (7).  Sample  compositions  in  weight  %  are  given  in  Table  I.  For  each 
system  one  sample  was  made  without  the  dye;  transition  temperatures  and 
deuterium  magnetic  resonance  splittings  agreed  with  quoted  literature  values 
to  within  acceptable  limits.  When  the  dye  was  added,  changes  in  transition 
temperatures  occurred  as  shown  in  Table  I.  A  few  studies  were  also  performed 
using  trans  azobenzene  (Aldrich  Chemical  Co.)  and  a  dichroic  azo  dye  D1  (E.  Merck), 
the  latter  of  which  is  known  to  have  a  high  order  parameter  .7)  in  thermo¬ 
tropic  nematics. 

-3  -5 

The  dye  mixtures  were  prepared  from  stock  solutions  of  10  -  10  M 

of  TPPS^  in  D^O,  and  10  M  of  CR  in  triply  distilled  H^O.  The  pH  of  the  water 

'v. 

was  5.  The  solubility  calculated  from  absorbancy  at  room  temperature  of  CR 

f\j 

in  the  KL/KCL/^O  system  was  -  6  x  10  M,  and  in  the  DSCG/D20  system  approxi¬ 
mately  8  x  10  “’m.  The  samples  were  centrifuged  to  remove  any  salted  out  dye 
crystals  that  were  suspended  in  the  solution.  The  concentration  of  dye  quoted 
in  Table  II  was  determined  from  the  absorbance  of  the  solution  assuming  Beer’s 


Law  to  hold.  The  extinction  coefficients  found  by  standard  methods  were: 

e  [TPPS^,Soret  band]  -  45  x  10^*  and  c  [CR,49’jnm]  -  5  x  10^. 

The  components  were  weighed  into  glass  test  tubes  with  air-tight 
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screw  top  caps  and  stirred  magnetically  overnight  in  a  water  bath.  The  bath 
temperature  was  held  below  the  expected  nematic-isotropic  transition  tempera¬ 
ture.  This  is  particularly  important  for  the  DSCG  system.  This  system  has  a 
wide  two-phase  temperature  region  and  the  nematic  volume  fraction  contains  a 
higher  density  of  DSCG  than  the  isotropic  volume  fraction."*  Thus  concentration 
gradients  easily  occur  in  this  region.  Samples  were  always  examined  for 
homogeneity  in  bulk  before  use. 

The  absorption  polarization  spectra  were  recorded  on  a  Cary  14 
spectrophotometer.  Polarizers  in  the  reference  and  cell  compartments  were 
placed  in  front  of  and  behind  the  sample  to  correct  for  instrumental  polari¬ 
zation  and  sample  depolarization  effects.  The  absorbancy.  A,  was  recorded 
with  light  polarized  either  parallel  (A or  perpendicular  (A_^)  to  the 
liquid  crystal  optic  axis  n.  Consistent  with  the  solubilities  of  the  dyes,  larger 
path  lengths  were  employed.  Two  types  of  sample  cell  were  used:  (1)  standard 
1  mm  thickness  spectroscopic  cell,  and  (2)  stacks  of  equal  thickness  glass 
capillaries.  The  capillary  thickness  varied  from  .2  -  .3  mm.  A  torch  was 
carefully  used  to  seal  the  capillaries. 

Both  1  mm  thick  or  stacked  capillary  cells  were  used  for  the  more 
viscous  system  C.  Uniform  alignment  was  obtained  within  hours.  The  less 
viscous  systems  A  and  B  aligned  in  the  capillaries  within  minutes  and  the 
number  of  capillaries  in  a  stack  was  varied  to  obtain  an  optimum  absorbancy. 
Because  DSCG  absorbs  below  400  nm,  one  is  restricted  to  observation  of 
visible  absorption  bands  only. 

Results  and  Discussion 

Studies  of  CR  in  stretched  polyvinyl  alcohol  films11  indicate  that 
the  CR  transition  moment  giving  absorption  at  495  nm  is  oriented  at  an  angle 
of  about  15°  with  the  stretching  direction.  The  orientation  of  the  transi¬ 
tion  moment  at  360  nm  is  deduced  (see  Table  II)  as  approximately  perpendicular 
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to  the  495  nm  moment.  Making  the  reasonable  assumption  that  the  long  axis 

of  CR  aligns  in  the  stretching  direction,  we  conclude  the  transition  moment 

(495  nm)  is  approximately  parallel  to  the  long  axis  of  the  molecule.  For 

12 

TPPS.  it  is  well  known  that  the  transition  moment  associated  with  the  Soret 
4 

band  is  in  the  plane  of  the  molecule.  It  should  be  mentioned  that  we  observed 

11  13 

only  the  monomer  spectrum  of  CR  and  TPPS^  in  lyotropic  nematics. 

Remembering  these  points  we  write  for  the  degree  of  order  of  the 

14 

transition  moment  for  a  selected  absorption  band 

S  =  y--~ ~?T  =  1/2  (3cos2a  -  l)  .  (1) 

A//  +  2k±  '  / 

A.. (A  )  and  A.  (A  )  are  absorbancies  at  the  wavelength  of  maximum  absorption, 

fl  n  m 

taken  parallel  and  perpendicular  to  the  director  respectively.  The  angle 
between  the  transition  moment  and  the  director  is  6  and  the  brackets  mean 
a  thermal  average'  over  molecular  motions. 

Congo  Red 

As  shown  in  Table  II, the  basic  result  for  the  CR  dye  is  the  same 

for  both  systems  A  (DSCG/^O)  and  C  (KL/KCl/i^O) ,  namely  the  CR  molecule 

orients  with  its  long  axis  on  the  average  perpendicular  to  the  director  in 

accordance  with  the  above  discussion  of  the  495  nm  transition  in  CR.  The 

magnitude  of  the  long  axis  order  parameter  of  the  CR  molecule  should  be 

slightly  higher  than  the  order  parameter  of  the  transition  moment  due  to  the 

nonparallelism  of  the  molecular  long  axis  and  the  transition  axis. 

The  simplest  model  to  explain  this  behavior  is  that  the  CR  molecules 

(length  -  25  X)  are  incorporated  into  the  cylindrical  micelle  such  that  the 
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CR  molecule  spans  the  diameter  of  the  cylinder  with  the  hydrated  S03~  group 
near  the  polar  region  of  the  micelle.  For  the  DSCC  system  a  similar  argument 
applies. 

The  bulkiness  of  the  CR  molecule  does  not  aid  in  its  incorporation 

into  the  micelle  and  this  property  may  account  for  the  relatively  low  order 

parameter.  Magnitudes  of  order  parameters  obtained  by  NMR  for  small  solute 

molecules,  e.g.  benzene,  in  the  phase  of  a  (KL/KCL/decanol/water)^  system 

range  between  .023  and  .046. 1 

TPPS, 

_ 4 
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For  low  concentrations  of  TPPS^  (10  ,  10  M)  in  systems  A  and  B 

an  phase  was  observed  at  room  temperature.  An  order  parameter  of  the  in- 

plane  (Soret)  transition  moment  (see  Table  II)  was  obtained  as  S  *  -0,006 

for  both  the  above  systems.  The  negative  value  of  the  order  parameter  of 

12 

the  in-plane  transition  moment  of  TPPS^  indicates  the  plane,.of  the  molecule 
slightly  prefers  to  orient  perpendicular  to  the  director. 

Considering  the  size  and  shape  of  the  porphyrin  molecules  and  the 
presence  of  the  phenyl  rings,  which  are  almost  perpendicular  to  the  plane  of 
the  porphine  nucleus, ^  it  seems  plausible  to  conjecture  that  a  significant 
portion  of  the  porphine  molecules  may  be  wedged  between  rather  than  Incorporated 
into  the  micelles. 

We  have  also  tried  some  hydrophobic  dyes  in  system  B,  in  particular 

-3  -4 

trans-azobenzene,  solubility  'v  10  M;  and  Dl,  solubility  in  B  ^  10  M,  T  = 

o  —3 

22  C.  Little  orientation  was  detected  /S /  <  10  .  The  azobenzene  solutions 

gave  an  N  phase  (disc-like  micelles) .  Since  the  alignment  of  the  symmetry 
L 

axis  of  the  N  phase  was  parallel  to  the  wave-vector  of  the  incoming  light  for 

Ju 

our  experiment,  no  anisotropy  in  absorption  could  be  observed  in  this  case. 


The  existence  of  the  NL  phase  was  verified  in  two  ways:  (1)  a  uniform  homeo- 

tropic  texture  was  observed,  and  under  conoscopic  examination  the  system  was 

determined  to  be  uniaxial  with  positive  dielectric  anisotropy;  (2)  observation  o 

17  6  8 

the  proton  line  width  or  deuterium  splitting  *  under  spinning  the  sample 

shows  y  <0. 

Aa 

Finally  we  note  as  a  preliminary  report  that  at  relatively  high 
A  -3 

concentrations  (-  1.3  x  10  M)  of  TPPS^  in  system  B  we  observed  a  biaxial 

nematic  phase  (NBx) •  for  system  B  with  no  added  TPPS^  only  an  Nc  phase  was 

observed  at  room  temperature.  The  stabilization  of  the  N„  phase  from  the  N 

Bx  c 

phase  is  probably  due  to  a  combination  of  two  effects:  (1)  a  salt  effect  due 

to  the  4  sodium  ions  of  TPPS^  which  tends  to  decrease  the  curvature  (through 

18 

electrostatic  screening)  of  the  surfactant  headgroup /water  interface;  (2) 

the  disc  shape  of  the  porphyrin  molecule  sterically  favors  lamellar  aggregates. 

The  biaxial  phase  when  oriented  by  a  magnetic  field  parallel  to 

the  flat  surfaces' of  the  capillary  gave  a  psuedo-isotropic  texture  which, 

using  a  conoscope,  presented  the  characteristic  "baseball"  interference 

figure.  It  should  be  mentioned  that  the  empty  glass  capillaries  in  general 

show  a  weak  biaxial  strain  birefringence;  however,  this  is  easily  distinguished 

from  N_  . 

Bx 

Phase  diagrams  of  Yu  and  Saupe^  for  the  (KL/decanol/I^O)  system 

show  we  are  in  a  sensitive  region  (N  -  N  -  N  )  of  the  phase  diagram  near 

C  nX  L 

room  temperature;  it  is  therefore  not  surprising  that  perturbations  induced 

% 

by  solubilized  TPPS.  or  azobenzene  causes  an  N  +  N  >  N  transition.  It 

C  dX  L 

is  to  be  noted  that  a  recent  study  by  Hendrix  et  al^  on  the  above  system 
failed  to  reveal  a  biaxial  phase.  Clearly  care  must  be  used  to  control  ionic 


impurities  and  maintain  a  consistent  pH. 


In  summary,  we  find:  (1)  the  long  axis  of  the  dye  CR  is  oriented 

on  the  average  perpendicular  to  the  director  in  both  systems  A  and  C  (see 

Table  I),  the  order  parameter  of  the  495  nm  transition  moment  being 

S  ■  -0.030  ±  .002;  (2)  the  planes  of  the  TPPS^  molecules  orient  perpendicular 

to  the  director  with  an  order  parameter  S  =  -0.006  ±  0.002  in  systems  A  and 

B;  (3)  an  -*•  transition  was  caused  in  system  B  by  TPPS^  ('v-  10  M) ,  and 

-3 

an  ->  transition  by  azobenzene  (%  10  M) . 

Investigations  using  a  variety  of  dye  stuffs  are  underway,  as  is 

a  closer  study  of  the  TPPS,  induced  N  -*  N_  transition, 

4  c  Bx 
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